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ABSTRACT

Seedling growth is hindered by drought stress differently across various genotypes; some genotypes being
susceptible, are affected more while others exhibit tolerance to drought. Thus, the current study was under-
taken to: (1) identify the drought tolerant wheat genotypes, and (2) examine correlation among drought
related traits. The performance of 23 wheat genotypes including 21 wheat genotypes and two check variet-
ies were tested under control (distilled water) and -0.407 Mpa (Polyethylene Glycol, PEG-6000) induced
osmotic stress during germination and early seedling growth stages. The experiment was arranged in a
three-time replicated randomized complete block design at the Laboratory of Department of Plant Breed-
ing, Physiology and Ecology, Yezin Agricultural University. The combined analysis of variance indicated
highly significant differences among genotypes, treatments and genotypes x treatments interaction for all
seedling traits except mean germination time. Out of the 21 genotypes evaluated, 19 showed potential drought
tolerance under PEG solution due to possessing desirable traits, such as seedling vigor index II, root length
and root dry weight. Correlation coefficients among seedling traits were significant and positive for all
studied traits except mean germination time which had no significant correlation with any of other traits.
The results indicated that the increase in one trait may cause a simultaneous increase in other traits; hence
selection for any of these seedling attributes will lead to develop drought tolerant wheat genotypes. The
principal components with eigen values greater than 1 are deemed important and in this study, it had the
total variation of 83.87 %. Therefore, these seedling traits in wheat genotypes could be used good indicator

of drought tolerance in the breeding program.
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INTRODUCTION

Wheat (Triticumaestivum L.) is the most exten-
sively cultivated cereal crop as well as provides a
major proportion of supplied dietary calories,
minerals, and around 20% of the required pro-
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tein alongside the first important and strategic
crop for the world’s population. This crop is the
staple food for over 35% of world population, and
thus, ensures food security of the world
(Kushwaha et al., 2018; Dass et al., 2023). How-
ever, global wheat production has been lowered
by 2.7 million tons (mt) down to 781.2 mt in 2022
because of prolonged dry weather conditions
impairing yields (FAQ, 2022). In Myanmar, wheat
was cultivated in 0.054 million hectare (mha) with
a production of 0.11 mt at an average yield of 1.89
tha'. Seventy-three per cent of the Dry Zone’s
growing areas were in the Sagaing Region, 23%
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in Shan State and 4% in the Mandalay Region
(MOALLI, 2022). National consumption yearly ex-
ceeds 0.5 mt, only 0.18 mt of which was produced
in Myanmar (the rest was imported from Austra-
lia). The influence of unfavorable weather condi-
tions plays a vital role in wheat production, since
wheat cultivation mainly depends upon the re-
sidual moisture. Various screening methods were
evaluated in stress tolerance varieties, such as
hydro-priming, halo-priming, chemical priming,
and osmo-priming, which enhanced seed germi-
nation under osmotic stress and the drought tol-
erance in seedlings (Jisha et al., 2012). The major
objectives of many breeding programs have been
to develop stress-tolerant varieties, which are cru-
cial in the face of global warming. This warming
trend alters the amount and distribution of pre-
cipitation, potentially leading to more frequent
and severe droughts which is regarded as a se-
vere constraint on agricultural crop production
throughout the world (Nezhadahmadi, 2013).
However, the efforts have been limited due to in-
adequate screening techniques and the absence
of genotypes that show apparent differences in
response to well-defined abiotic stresses. It is pos-
sible to measure drought-related characteristics
in early generations under controlled laboratory
conditions or during the off-season, which makes
this a promising as well as affordable approach.
One of the most important growth stages is the
seedling emergence, that can be impacted by a
water deficit. The availability of soil moisture can
have a significant impact on germination and sub-
sequent emergence. Insufficient soil moisture not
only reduces overall germination but also delays
the emergence of seeds. Ashraf and Foolad (2005)
claimed that low moisture content reduces the
percentage of germination and the growth of seed-
lings. Seed germination and seedling growth
properties are incalculably vital factors for yield
determination (Rauf et al., 2007). However, seed
germination and early seedling growth are cer-
tainly the most critical stages, strongly impaired
by water stress (Swain et al., 2014). Thus, it ap-
pears that the most important and effective strat-
egy is to select genotypes resistant to drought
earlier in the growing season (Xie et al., 2013).
There was an enhancement in wheat yield as the
best-performing varieties under water stress are

selected. Tolerance to drought has been an impor-
tant goal in crop improvement programs (Abro
et al., 2020; Ahmad et al., 2013).

It has been recognized that the seedling de-
velopment stage under laboratory situations is an
appropriate growth stage for showing wheat’s
ability to respond to osmotic stress conditions.
When seeds are immersed in artificial substances,
such as polyethylene glycol (PEG), sorbitol, or
mannitol solution, they are referred to as osmo-
priming (also known as osmo-conditioning). This
allows the seeds to absorb water and begin the
primary metabolic activities of germination, lead-
ing to radical emergence (Ashraf and Foolad,
2005). Polyethylene glycol (PEG) 6000 was used
in the experiment. It is a non-ionic water polymer
that is known for its unexpected ability to quickly
absorb plant tissue and induce water stress
(Bagher et al., 2012). According to earlier research
by Tang et al. (2019), one effective method of
screening genotypes tolerant to drought is con-
cluded in-vitro screening utilizing PEG. More
prominently, Shereen et al. (2019) found that the
methods for screening wheat genotypes tolerant
to drought using PEG 6000 are economical and
effective. Many researchers utilize PEG6000 to
examine the response of various wheat genotypes
to drought stress at different levels (osmotic pres-
sure) (Abro et al., 2020). The objective of the cur-
rent study was intended to identify wheat geno-
types for drought tolerance at early seedling
growth stages by using PEG-6000 and also exam-
ine the correlation between drought related seed-
ling traits.

MATERIALS AND METHODS

This experiment was carried out during 2023
(May to July), at the laboratory of Department of
Plant Breeding, Physiology and Ecology (ELB-2),
Yezin Agricultural University (YAU), Myanmar.
The tested varieties consisted of twenty-one wheat
genotypes and two check varieties (Appendix 1).
Seeds were obtained (introduced from the Inter-
national Maize and Wheat Improvement Center
(CIMMYT) and Regional Research Center
(Zaloke)) under the Department of Agricultural
Research (DAR).

The experiment was carried out following a
randomized complete block design with three
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replications under control and PEG-6000 at con-
centration: 0, and 18% (-0.407 MPa). PEG was used
because it has a high molecular weight, it cannot
pass through the cell wall and therefore, it is used
to regulate water potential in germination tests.
PEG 6000 was used to evaluate tolerance to
drought at germination stage and to create dif-
ferent levels of water potential. Drought tolerance
was evaluated in two stages: seed germination
and seedling growth. The study was performed
in petri plates having filter paper. The seeds were

selected for size homogeneity; surface sterilized
for 5 min in 1 % (v/v) sodium hypochlorite and
then rinsed three times with distilled water. Wheat
seeds were subjected to two levels PEG-6000 stress
(0 and 180 g/L), (0.00 and -0.407 Mpa), respec-
tively, was prepared according to Michel and
Kaufmann (1973). Three replicates of 20 pre-ster-
ilized seeds were germinated between 2 sheets of
Whatman No. 2 filter papers in petri dishes (90-
mm in diameter) with 10 ml of each test solution
and filter papers were replaced in every other day

Appendix 1. List of wheat genotypes used for control and PEG-6000 solutions study

No.  Genotypes Pedigree Source

1 26" SAWYT-30  BORL14*2//KFA/2*KACHU CMSS12B00633T-099TOPY-099M-0SY-3M-0OWGY  CIMMYT

2 26" SAWYT-48  BABAX/LR42//BABAX*2/3/KUKUNA/4/CROSBILL#1/5/BECARD*2/... CIMMYT
CMSS12B00995T-099TOPY-099M-0SY-19M-0WGY

3 200 HTWYT-6  ~ KAKURU/BORL14CMSS14Y002175-099Y-099M-099N]-099N]J-20Y-OWGY CIMMYT

4 200 HTWYT-7  KAKURU//SUP152/BA]J #1CMSS14Y002185-099Y-099M-099NJ-099N]-14Y-OWGY CIMMYT

5 200 HTWYT-8 ~ KACHU*2/SUP152/3/WBLL*2/BRAMBLING*2//BAVISCMSS14Y003605-099Y- ~ CIMMYT
099M-099N]J-099N]-24Y-0OWGY

6 20"HTWYT-9 FRANCOLIN#1/NELOKI/3/PRL/2*PASTOR//KACHUCMSS14Y005825-099Y- CIMMYT
099M-099N]J-099N]-20Y-0OWGY

7 20" HTWYT-12 HARTOGeSUMA13(LINE B)/2*NAV]07/4/MUTUS//KIRITATI/... CIMMYT
CMSS14Y011165-099Y-0FUS-099Y-149B-0WGY-OWGY

8 20" HTWYT-15 KACHU/DANPHE*2//MUTUS*2/HARIL#1CMSS14Y01489T-099TOPM-099Y- ~ CIMMYT
099M-099N]J-099N]J-39Y-0OWGY

9 20 HTWYT-25  SUP152/KENYA SUNBIRD/3/KACHU//KIRITATI/2*TRCHCMSS14B00275S- CIMMYT
099M-099N]J-099N]J-9Y-0OWGY

10 20" HTWYT-33 ~ WBLL1*2/KIRITATI//FRNCLN/3/BECARD/4/2*KACHU/DANPHECMSS14B CIMMYT
01413T-099TOPY-099M-099N]J-099N]-8Y-OWGY

11 20" HTWYT-34  WBLL1*2/KIRITATI//FRNCLN/3/BECARD/4/2*KACHU/DANPHECMSS14B CIMMYT
01413T-099TOPY-099M-099NJ-099N]-13Y-0OWGY

12 20" HTWYT-45 WBLL1*2/4/YACO/PBW65/3/KAUZ*2/MNV//KAUZ/5/KACHU#1*2CMSS14 CIMMYT
B01702T-099TOPY-099M-099N]-099N]-23Y-OWGY

13 20" HTWYT-46 ~ ORION/5/2*FRNCLN/4/WHEAR/KUKUNA/3/C80.1/3*BATAVIA//CMSS14
B01780T-099TOPY-099M-099N]-099N]-5Y-OWGY CIMMYT

14 20" HTWYT-47  ESTOC/7/2*KISKADEE # 1/5/KAUZ *2/MNV//KAUZ/3/MILAN/4/...
CMSS14B01796T-099TOPY-099M-099NJ-099NJ-13Y-0WGY CIMMYT

15 20" HTWYT-49 NADI # 2/MUCUYCMSS15B002355-099M-0SY-7M-0WGY CIMMYT

16 29" SAWYT-7 NGL/4/PFAU/MILAN/3/BABAX/LR42//BABAX/5/WBLL1*2/...CMSS14Y00713S- CIMMYT
099Y-099M-099NJ-099N]J-1Y-0OWGY

17 29 SAWYT-9 KACHU/DANPHE*2//KAKURUCMSS14Y01492T-099TOMP-099Y-099M-099N]- CIMMYT
099NJ-28Y-0WGY

18 29" SAWYT-17  WBLL1*2/BRAMBLING*2//BAVIS*2/3/KACHU#1/KIRITATI//KACHUCMSS14 CIMMYT
Y01752T-099TOMP-099Y-099M-099N]J-099N]J-7Y-OWGY

19 29" SAWYT-37  BAJ#1/KISKADEE#1/3/WBLL1*2/BRAMBLING*2//BAVIS/4/...CMSS14B01442 ~ CIMMYT
T-099TOPY-099M-099N]J-099N]J-20Y-OWGY

20 29" SAWYT-39  ROLF07*2/SHORTENED SR26 TRANSLOCATION/3/2*WBLL1*2/CMSS14B CIMMYT
01476T-099TOPY-099M-099NJ-099N]-11Y-0OWGY

21 29" SAWYT-43  SWSR22T.B.//TACUPETO F2001*2/BRAMBLING/3/ CMSS15Y00037T-099B-099 CIMMYT
Y-099M-099Y-16M-0OWGY

22 Yezin-11 12""SAWYT-44 DAR

23 Yezin-12 SUP-152 DAR
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to prevent PEG accumulationat 25 °C in the dark
(Rehman et al., 1997). Number of seeds germinated
was manually counted on each day up to 7 days
and the seed germination characters were consid-
ered based on the emergence of the radicle and
plumule (2 mm). After ten days, seedling vigor
index was measured by the protocol of Interna-
tional Seed Testing Association (ISTA 1999). By
the end of the 10" day, root length (cm), shoot
length (cm), shoot dry weight (mg) and root dry
weight (mg) were measured. Germination per-
centage was calculated by using the following for-
mula according to Spanie et al. (2017).
Germinated seeds

Germination percentage (G%) = x 100
Total seeds

Mean germination time was calculated by
using the following formula as suggested by
Dezfuli, et al. (2008). Mean germination rate
(MGR) was considered as the reciprocal of the
mean germination time (Ranal and Santana, 2006),
seedling vigor index I and seedling vigor index II
(Chakraborty and Bose, 2023).
nnt;

Tn;

Seedling vigor index I = Germination per cent
x (shoot length + root length)

Seedling vigor index II = Germination per cent
x seedling dry weight

All the collected data from this experiment
was analyzed by using the computer based Sta-
tistical Tool for Agricultural Research (STAR) soft-
ware 2.0.1.

Mean germination time (MGT) =

Kyi Pyar et al

REesurts AND DiscussioN

Combined analysis of variance

The combined analysis of variance revealed
that the genotypes showed a highly significant
effect on all traits which have valuable genetic
variability for plant breeding program. Polyeth-
ylene glycol 6000 (PEG-6000) used in this research
has an osmotic agent. PEG-6000 was used to
evaluate tolerance to drought at germination and
seedling stages to create different levels of water
potential. PEG-6000 is used by many researchers
to study the ability of different wheat genotypes
to tolerate drought stress. The cooperative effects
of genotypes and PEG-6000 induced drought
stress in line with treatments significantly
changed in all observed traits, except mean ger-
mination time, which was indicated non-signifi-
cant (Table 1). The results of this study displayed
highly significant differences between genotypes
and treatment showing a key prerequisite for ge-
netic improvement in plant breeding and played
a pivotal role in experimental material usage in
breeding programs. Similar results were demon-
strated by many researchers (Bayoumi et al. (2008),
Rauf et al. (2007) and Dhanda et al. (2004), they
found that PEG treatment had a significant effect
of on wheat seedling traits and also varietal and
differential response of varieties to PEG treatment.

Germination and seedling traits of wheat geno-
types

Germination and seedling traits of wheat

Table 1. Combined analysis of variances for observed seedling traits in tested wheat genotypes under control and

osmotic potential

Traits Rep within Genotypes Treatment Geno x Pooled CV%
genotypes treatment error
46 22 1 22 46
Germination percentage (%) 0.28 7.20%* 78.05** 7.20%* 0.25 0.53
Germination rate 0.43 84.26** 685.15** 53.27%* 0.43 5.09
Mean germination time 0.02 0.05** 0.02ns 0.02ns 0.02 10.83
Root length (cm) 0.19 8.67%* 150.97** 6.40%* 0.13 3.36
Shoot length (cm) 0.43 6.32%* 243.84** 2.03** 0.28 4.40
Shoot dry weight (mg) 0.18 6.70%* 27.31% 4.09 ** 0.22 4.37
Root dry weight (mg) 0.05 3.72%* 464.61° 2.23% 0.04 3.28
Seedling vigour index I 10021.58 223395.17** 274339.084** 148655.11** 4378.11 2.93
Seedling vigour index II 3211.58 162364.62** 2164753.37** 93010.11** 3261.24 3.41

ns = non-significant, * = significant at 0.05 probability level and ** = significant at 0.01probability level
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genotypes were significantly responded by the
influence of drought stress (Table 2). In the present
study, the maximum seed germination per cent
(GP) (100%) was recorded in 26" SAWYT-30, 20"
HTWYT-7, 20" HTWYT-8, 20" HTWYT-12, 20"
HTWYT-15, 29 SAWYT-7, 29t SAWYT-9, 29t
SAWYT-17, 29" SAWYT-37, 29*" SAWYT-39, 29
SAWYT-43, Yezin-11 and Yezin-12, and minimum
in 20" HTWYT-49 (94%) under stress condition
(Table 2). PEG 6000 induced osmotic stress and
delayed the initiation of germination that led to
reduction in germination percentage. These find-
ings were in worthy agreement with those ob-
tained by Dhanda et al.(2004), Jajarmi (2009),
Khakwani et al. (2011) and Raza et al. (2012).
Among the tested genotypes, the genotype 26"
SAWYT- 30 (20.00) gave the highest germination
rate (GR) and the genotype 20" HTWYT-47 had
the lowest germination rate (5.28). The mean ger-
mination time (MGT) also reduced with the in-
crease level of drought stress. However, the MGT
of 200 HTWYT-46 (1.42), 20" HTWYT-12 and 20"
HTWYT-45 (1.22) was found to be higher in PEG-

6000 solution. Genotype namely 26" SAWYT- 30
(1.00) recorded the lowest MGT in the study ex-
periment.

Based on the study, it was observed that the
root length of wheat genotypes enlarged signifi-
cantly as the levels of Polyethylene Glycol (PEG)
increased. Genotypes viz., 20" HTWYT-15 (14.07
cm), 29 SAWYT-43 (13.90 cm) and 29" SAWYT-
39 (13.49 cm) and 29" SAWYT-7 (13.46 cm) showed
the maximum root length in control and PEG 6000
conditions whereas the lowest root length was
observed in genotype, 20" HTWYT-33 (8.73 cm)
(Table 2 and Fig.1). Similar results have been re-
ported by Khakwani et al. (2011) who stated that
PEG increased the root length. Furthermore, the
effects of drought treatments on shoot length were
varied among the genotypes, the maximum shoot
length was in 20" HTWYT-34 (12.70 cm) followed
by 29" HTWYT-9 (12.11 cm) and 20" HTWYT-15
(11.94 cm) at the PEG treatment. The minimum
shoot length was revealed in genotype 20™
HTWYT-6 (9.05 cm). The genotype 20" HTWYT-
25 (12.29 mg) had the longest shoot dry weight

Table 2. Mean value of wheat genotypes seedling traits by using PEG 6000 solution

Genotypes GP GR MGT RL SL SDW RDW SvIl SVIII
1 26M"SAWYT-30 100.00 20.00 1.00 10.71 9.36 8.95 9.06 2007.73 1801.13
2 26™SAWYT-48 96.61 15.49 1.09 9.92 9.78 9.13 6.91 1903.36 1549.16
3 20"HTWYT-6 98.35 14.75 1.08 12.71 9.05 10.73 9.14 2140.51 1954.07
4 20"HTWYT-7 100.00 6.37 1.17 9.59 9.89 9.38 8.17 1948.50 1755.56
5 20th HTWYT-8 100.00 11.31 1.08 11.80 10.11 10.23 7.97 2191.17 1819.31
6  20th HTWYT-9 96.65 11.49 1.14 12.43 11.03 10.25 8.70 2268.70 1831.60
7 20th HTWYT-12 100.00 5.51 1.22 12.90 11.31 10.93 9.38 242091 2031.58
8  20th HTWYT-15 100.00 8.49 1.12 14.07 11.94 12.13 8.69 2600.40 2081.69
9  20th HTWYT-25 98.33 15.95 1.04 12.54 10.11 12.29 8.99 2227.50 2091.91
10 20th HTWYT-33 96.69 10.59 1.14 8.73 10.53 9.22 7.53 1862.95 1619.39
11 20th HTWYT-34 98.60 591 1.20 11.78 12.70 10.79 7.55 2414.02 1808.58
12 20th HTWYT-45 93.92 10.38 1.22 11.15 11.29 10.38 8.68 2107.57 1790.85
13 20th HTWYT-46 98.74 528 1.42 9.83 11.13 8.78 5.57 2069.00 1416.40
14 20th HTWYT-47 93.80 11.72 1.11 10.96 10.56 11.78 9.19 2019.85 1967.03
15 20th HTWYT-49 93.72 6.37 1.14 10.87 10.76 9.54 6.87 2028.10 1538.71
16 29th SAWYT-7 100.00 13.31 1.03 10.89 9.48 9.59 6.59 2037.09 1617.61
17 29th SAWYT-9 100.00 13.46 1.08 13.61 12.11 10.18 9.47 2571.73 1964.95
18 29th SAWYT-17 100.00 13.56 1.03 13.46 10.84 10.09 7.08 2429.87 1717.07
19 29th SAWYT-37 100.00 6.93 1.20 12.79 11.83 11.14 9.13 2462.25 2026.61
20 29th SAWYT-39 100.00 11.85 1.13 13.49 10.31 10.28 9.20 2379.06 1947.39
21 29th SAWYT-43 100.00 9.93 1.15 13.90 10.84 11.06 7.51 2473.96 1856.87
22 Yezin-11 100.00 8.81 1.17 10.47 10.30 9.29 7.70 2077.20 1698.63
23 Yezin-12 100.00 7.06 1.18 11.70 10.88 9.28 6.30 2258.41 1558.60

GP= Germination percentage (%), GR=Germination Rate, MGT= Mean Germination Time, RL= Root Length (cm), SL=
Shoot Length (cm), SDW= Shoot Dry Weight (mg), RDW= Root Dry Weight (mg), SVI I =Seedling Vigour Index I, SVIII
=Seedling Vigour Index II
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and the genotype 20" HTWYT-46 had the lowest
shoot dry weight (12.29 mg) in all tested geno-
types. PEG reduced shoot growth. Ming et al.,
(2012), Moucheshi et al.(2012) and Saghafikhadem
(2012) reported that drought resistance catego-

Root length (cm) mcontrol  mWPEG

15.00

10.00

Fig. 1. Mean value of root length (cm) in wheat genotypes
tested at control and PEG 6000 solutions
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Fig. 2. Mean value of root dry weight (mg) among the
tested wheat genotypes by using control and PEG
6000 solutions

rized by a small reduction of shoot growth under
drought stressed condition. Moreover, the maxi-
mum root dry weight was observed in 29*
SAWYT-9 (9.47 mg) while the minimum root dry
weight showed in 29" HTWYT-46 (5.57 mg) (Table
2 and Fig. 2). The genotype 20" HTWYT-15 re-
corded highest seedling vigor index I, which was
2600.40. While the lowest seedling vigor index I
(1862.95) was recorded with genotype 20™
HTWYT-33. Moreover, the genotype 20" HTWYT-
15 increased seedling vigor index II which had
the mean value of 2091.91 whereas the genotype
20" HTWYT-46 decreased seedling vigor index II
which had the mean value of 1416.40 as shown in
Table 2 and Fig. 3. Similar finding concluded that
the development of the root system in response
to water deficit was due tothe expression of cer-
tain genes controlling root formation which was
stimulated by drought conditions (Badiow et
al.2004).

Traits association of drought tolerant wheat geno-
types

A Pearson correlation analysis showed some

Table 3. Correlation coefficients (r) among various seedling traits of wheat genotypes

Traits GP GR MGT RL SL SDW RDW SVILI SVLIL
Germination percentage (%) 1.000 0.184* -0.009ns  -0.048ns  0.323**  0.119ns  -0.373**  0.340** -0.118ns
Germination rate 1.000 -0.424*  -0.235* 0.183* 0.156ns  -0.294**  -0.017ns -0.139ns
Mean germination time 1.000 -0.100ns  0.082ns  -0.108ns -0.159ns -0.017ns  -0.201*
Root length (cm) 1.000 -0.117ns ~ 0.235* 0.701** 0.646**  0.735**
Shoot length (cm) 1.000 0.429**  -0.530**  0.670** -0.160ns
Shoot dry weight (mg) 1.000 -0.034ns  0.484** 0.575%*
Root dry weight (mg) 1.000 0.085ns  0.789**
Seedling vigour Index I 1.000 0.409**
Seedling vigour Index II 1.000
Table 4. Principal component analysis of wheat genotypes seedling traits

Traits PC1 pPC2 PC3 PC4
Germination percentage (%) -0.059 -0.292 -0.037 0.547
Germination rate -0.082 -0.231 0.480 0.018
Mean germination time -0.081 0.042 -0.538 -0.179
Root length (cm) 0.399 0.061 -0.062 0.335
Shoot length (cm) 0.025 -0.457 -0.193 -0.081
Shoot dry weight (mg) 0.247 -0.287 0.082 -0.455
Root dry weight (mg) 0.326 0.333 0.078 0.119
Seedling vigour index I 0.303 -0.322 -0.188 0.269
Seedling vigour index II 0.418 0.079 0.110 -0.092
Eigen values 4.844 3.662 2.177 1.059
Proportion of total variance (%) 34.600 26.150 15.550 7.570
Cumulative variance (%) 34.600 60.750 76.300 83.870
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Seedling vigor index 1T mcontrol  WPEG

Fig. 3. Mean value of wheat genotypes by using control
and PEG 6000 solutionsfor seedling vigor index I

significant relations among the observed traits
(Table 3). Germination per cent (GP) had signifi-
cant positive correlation with germination rate,
shoot length and seedling vigor index I and nega-
tive correlation with root dry weight. Germina-
tion rate (GR) showed significant positive corre-
lation with shoot length whereas it had signifi-
cant negative correlation with mean germination
time, root length and root dryweight. Among the
observed traits, mean germination time had sig-
nificant negative correlation with seedling vigor
index II while the other traits had non-significant
correlations. Root length had significant positive
correlation with shoot and root dry weights and
seedling vigor index I and seedling vigor index
II. Shoot length had significant positive correla-
tion with shoot dry weight and seedling vigor
index I and significant negative correlation with
root dry weight. Shoot dry weight had signifi-
cantly different positive correlation with seedling
vigor index I and seedling vigor index II. More-
over, root dry weight had significantly different
positive correlation with seedling vigor index II.
Meanwhile, seedling vigor index I had signifi-
cantly different positive correlation with seedling
vigor index II. Correlation analysis explains the
connection between two variables, which is valu-
able in the field of plant sciences as it creates as-
sociations that may be used to consider the rela-
tionship between many features (Ahmed et al.,
2019). Understanding the correlation among these
traits was very important to improve the efficiency
of breeding for drought tolerance in wheat (Sallam
et al., 2019). This experiment studied the correla-
tions among germination percentage, germination
rate, mean germination time, root length, shoot
length, dry weight of roots and shoots, seedling
vigor index I and II under drought stress condi-

tion. Most of the correlations were positively and
negatively significante which indicated that these
traits tend to move directly and indirectly together
and had tendencies to increase or decrease. These
tendencies one trait observed to choose another
trait together. Germination percentage showed
positive and significant relationship with dry
weight of root that was similarly found by previ-
ous research (Rauf et al., 2007).

The first important four components ex-
plained 83.87 % of the total variation under the
treatment conditions (Table 4). The first compo-
nent (PC1) related to 34.60% of the variation,
mostly affected by seedling vigor index II, root
length and root dry weight with the principal
component (PC) scores of 0.418, 0.399 and 0.326.
Among the observed traits, the second component
(PC2) accounted for 26.15% of the variation; the
most effective trait was root dry weight with the
(PC) score of 0.333. For 15.55% of total variation,
the third component (PC3) was mostly influenced
with the variation of germination rate. The fourth
component (PC4) was observed with 7.57% of to-
tal variance which had high correlations with ger-
mination per cent. Principal component analysis
is a statistical approach for reducing the dimen-
sionality of huge data sets and enhancing com-
prehension while minimizing information loss.
These results are in agree with those of Kaya,
Akcura and Taner (2006) who reported that the
selection of genotypes that had high PCA1 and
PCA2 are suitable for stress conditions.

CONCLUSION

The results of this study indicated that a pro-
gressive osmotic stress induced by PEG-6000
caused significant changes in germination and
seedling growth along the tested wheat geno-
types. Significant interactions revealed that geno-
types variably responded to osmotic stress treat-
ments; hence could be provided the best oppor-
tunity to select drought tolerant genotypes at
seedling growth stages. Among the observed
traits, seedling vigor index II, root length, and root
and shoot dry weights showed highly positive
correlations and can be used to select for drought-
tolerant traits. Furthermore, genotypes such as the
seventeen evaluated showed longer root length
and higher root dry weight and seedling vigor
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index II values, along with larger PCA1 and lower
PCAZ2 scores, indicating trait stability. Therefore,
these traits could be effectively used in drought
tolerant breeding programs.
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